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Electronic module and method for the production thereof 

5 The invention relates to an electronic module having 
components which are electrically connected to a 
circuit carrier. 

Such electronic modules have board-type circuit 
10 carriers with multilayered rewiring strata. Each 
rewiring stratum may have an insulating layer and a 
wiring layer, and also through contacts through the 
insulating layer. In this case the board-type circuit 
carrier has rewiring strata on one side or on both 
15 sides and is populated with components on one side or 
on both sides. It is possible to three-dimensionally 
extend this board-type concept for modules by stacking 
components on the circuit carrier. In terms of its 
wiring technique when wiring a stack of components this 
20 concept is restricted and constructed in very complex 
fashion and is cost-intensive in manufacture. 

It is an object of the invention to specify an 
electronic module which can be produced cost- 
25 effectively, and also a method and a device for 
producing the module. 

This object is achieved by means of the subject matter 
of the independent claims. Advantageous developments of 
30 the invention emerge from the dependent claims. 

The invention provides an electronic module having a 
first and a second component with connections on 
connection sides of the components. The electronic 
35 module has a wiring block with contact pads on its 
outer sides and with lines in its volume. The lines in 
its volume electrically connect the contact pads on the 
outer sides to one another in accordance with a circuit 
layout. In this case, the two components are arranged 
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on different, non-opposite outer sides of the wiring 
block and their connections are electrically connected 
to the contact pads . 

5 The wiring block according to the invention is not 
constructed in strata but rather is based on a plastic 
volume through which the lines extend according to a 
circuit layout. Consequently the at least six outer 
sides of the wiring block can be provided for 

10 population with electronic devices or components. A 
characteristic is that with the aid of the wiring block 
it is possible to arrange components not only on one 
side or on both sides on a circuit carrier, but also on 
the edge sides of the wiring block according to the 

15 invention. The possibilities for designing circuits and 
for realizing circuits are extended on account of the 
wiring block according to the invention, especially as 
line nodes at which a plurality of lines are connected 
together can be provided in any desired number within 

20 the wiring block. The line routing in the line block is 
not limited to vertically and horizontally running 
lines or through contacts. Rather, it is possible to 
realize any desired line routing at different solid 
angles in the wiring block. 

25 

The lines within the wiring block may be carbonized 
plastic if the entire line block is composed of a 
plastics composition. Such carbonized lines in a 
plastic block can be realized by supplying energy 

30 during the construction of the plastic block or else 
after the construction of the plastic block. In this 
case, at interfaces or in the volume of a plastic block 
energy is fed to the macromolecules of the plastic with 
the result that the plastic is carbonized in a focus 

35 region of the energy source and conductive material is 
thus formed through carbonization and/or carbon black 
formation within the plastic. 
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One advantage of this plastic block with carbonized 
lines is that it is possible to realize three- 
dimensional wirings between contact pads to be wired on 
the outer sides of the wiring block without having to 
5 provide complicated rewiring strata or multilayer 
substrates or through contacts in the wiring block. 

Rather, the wiring block made of plastic with 
carbonized lines may be configured three-dimensionally 

10 and in this case have both vertically running and 
horizontally running lines and also lines at any 
desired solid angle, thereby achieving effective and 
short wiring paths in the wiring block. As a result, it 
is possible to reduce propagation time delays within 

15 the electronic module and the line routings can be 
planned three-dimensionally. By providing spiral or 
sheetlike formations of lines within the wiring block, 
it is also possible to provide passive, such as 
capacitive or inductive, components in the wiring 

20 block. 

In a further embodiment of the invention, the lines 
have nanoparticles with carbonized short-circuit paths 
between the nanoparticles. In this case, the wiring 

25 block has filling materials in the form of 
nanoparticles in addition to the plastic. In order to 
connect these nanoparticles to one another to form 
electrical lines, high-energy pulses can carbonize the 
material between the nanoparticles and thus produce a 

30 connecting line. 

In further embodiments of the invention, the lines have 
anisotropically oriented nanoparticles. In this case, 
filling nanoparticles that are initially present in 
35 disordered fashion in the wiring block are oriented 
anisotropically by alternating electromagnetic fields 
or by means of microwave citations and can agglomerate 
to form lines. 
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The conduction type which predominates in the 
electronic module and, in particular in the wiring 
block depends on the one hand on the amount of the 
addition of nanoparticles and on the other hand on the 
5 type of energy supply by electromagnetic excitation or 
by thermal radiation, and also on the properties of the 
plastic. The higher the degree of crosslinking of a 
resin layer surrounding the conductor track, the 
stabler a conductor track routing. In this case, the 
10 resin layer directly adjoining the line can be 
incipiently cured or cured during carbonization, so 
that the "carbon black line" is mechanically 
stabilized . 

15 The transition to the contact pads arranged on the 
outer sides of the wiring block may be realized by 
metallizing the ends of the carbonized lines. By means 
of this concluding metallization at the piercing points 
of the lines through the outer sides, the carbonized 

20 lines are protected against oxidation. 

A device for producing an electronic module has a 
casting mold for the introduction of plastic. Two 
focusable energy sources with an orienting device for 

25 guiding and superposing the focus regions of the energy 
sources in the volume of the plastic to be introduced 
serve for forming lines of the wiring block to be 
produced. In addition, the device has at least one 
casting device for the continuous or layer-by-layer 

30 filling of the casting mold with plastic with the 
formation of lines in the provided volume of the wiring 
block . 

Depending on the type of plastic, the lines may be 
35 introduced by means of two energy sources directly when 
the casting mold is being filled with plastic, or, if a 
transparent plastic such as an acrylic resin is 
involved, it is also possible, after completing a 
translucent plastic block, to produce a wiring block 
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therefrom by guiding the focus regions of the energy 
sources through the block volume. The energy sources 
may be laser apparatuses having an attachment or 
accessory for deflecting the laser beam and for 
5 superposing two laser beams. At each of the points of 
intersection of the two laser beams, such a high light 
intensity arises that the plastic is carbonized at 
these locations. A microprocessor is used for 
controlling the energy sources and in particular the 
10 laser apparatuses, which microprocessor coordinates the 
deflection devices for the laser beams in the case of 
laser apparatuses . 

Such a device has the advantage that it can be extended 
15 as desired if larger outer sides are required for the 
wiring block. 

For transparent plastics, the focusable energy source 
has the advantage that lines arise within the plastic 

20 at the focal point if the latter leads from an 
orienting mechanism in a predetermined direction to the 
formation of lines. For nontransparent plastics, too, a 
focusable energy source is advantageous, namely on the 
one hand in order to delimit the local extent of the 

25 conductor tracks and on the other hand in order to 
produce a carbonization of the plastic of the surface, 
as far as a depth delimited by the focus. 

In addition to the casting mold and focusable energy 
30 source, the device has a casting device for plastic. 
Said casting device serves on the one hand for the 
continuous or layer-by-layer filling of the casting 
mold with plastic. During the filling or after the 
filling of a thin layer in each case, connecting lines 
35 are introduced into the casting block with the aid of 
the focusable energy sources, so that a wiring block 
made of plastic arises. At the same time and 
continuously or layer by layer, outer areas form at the 
bottom of the casting mold, at side walls of the 
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casting mold and on the top side of the plastics 
composition which are to be provided with contact pads 
at the piercing points of the carbonized lines. 

5 On account of the high availability and high precision, 
laser apparatuses are preferred as energy sources and 
are used for this device for the production of an 
electronic module with a central wiring block. High 
precision is also avoided by electron beam and ion beam 

10 installations, however. Furthermore, it is possible to 
use ultrasonic energy sources and microwave apparatuses 
if the intention is to realize sheetlike or layer-type 
carbonized regions, such as can be produced for example 
for passive components as capacitor plates in the 

15 wiring block. 

The type of energy source also determines the type of 
orienting device. Thus, ion beam and electron beam 
installations are provided with electromagnetic 

20 actuators which permit the electron or ion beam to be 
guided along lines to be formed. In the case of laser 
apparatuses, in particular optical deflection means 
such as polygonal rotating mirrors and upstream or 
downstream lens systems have proved to be worthwhile in 

25 order to guide the deflection of a focused laser beam 
along planned lines in the wiring block made of 
plastic . 

A method for producing an electronic module having two 
30 components on different outer sides of a wiring block 
having electrical contact pads has the following method 
steps . 

Firstly, plastic is introduced into a casting mold for 
35 the production of a plastic blank block. Afterward, it 
is possible to effect a partial carbonization of the 
plastic and/or partial agglomeration of nanoparticles 
in the plastic blank block to form lines of a wiring 
block according to a predetermined circuit layout by 
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means of radiating in energy of two focused and guided 
energy beams from energy sources. After the production 
of the lines in the wiring block and curing of the 
wiring block, the wiring block is moved from the 
5 casting mold. Afterward, contact pads are fitted at the 
piercing points of the lines on the outer sides of the 
wiring block. Finally, at the outer areas two or more 
components for an electronic module may be fitted with 
their connections on different and not only on opposite 
10 outer sides of the wiring block. 

A further implementation of the method consists in 
firstly producing at least one plastic layer with lines 
and afterward realizing further plastic layers arranged 

15 on the first layer. Lines are produced within the 
layers and from layer to layer by carbonization of the 
plastic and/or by agglomeration of nanoparticles in the 
respective plastic layer. In this case, too, the end 
result is a wiring block having at least six outer 

20 sides on which components to be wired of an electronic 
module can be applied in spatial arrangement with 
respect to one another. 

To summarize, it can be established that the invention 
25 provides a medium in the form of a wiring block for 
electronic modules which has electrically conductive 
structures or conductor tracks after the supply of heat 
by means of energy bombardment, it also being possible 
as an alternative for such structures to arise by means 
30 of electromagnetic patterning methods. In this case, 
the conductor tracks arise through carbonization of the 
resin or sintering of conductive nanoparticles that are 
admixed with the resin as filler. After the conclusion 
of the production of the conductor tracks in the 
35 casting resin, the plastic is cured, which may likewise 
be effected by supplying heat or radiation. 

The wiring block thus produced has a parallelepipedal 
form, on the outer sides of which contact pads can be 
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metallized. In this case, one of the outer sides may 
serve as a connection pad for a printed circuit board. 
Semiconductor chips may in each case be applied to the 
outer sides using flip-chip mounting by means of 
5 soldering or adhesive bonding technology. Damaged 
semiconductor chips or components can be removed from 
the outer sides at any time and be replaced by 
functional components, which facilitates servicing, 
maintenance and repair. The wiring block can be used 

10 multiply as a circuit substrate without restrictions. 
In this case, the method for producing such a wiring 
block affords the possibility of realizing extremely 
flexible conductor track arrangements with complex 
rewirings even at this production level. Furthermore, 

15 the wiring block can be embodied cost-effectively in 
any desired three-dimensional wiring form. 



The invention will now be explained in more detail with 
reference to the accompanying figures. 

20 

Figure 1 shows a schematic cross section through an 
electronic module in accordance with a first 
embodiment of the invention, 



25 Figure 2 shows a schematic diagram of a first 

embodiment of a device for producing an 
electronic module , 



Figure 3 shows a schematic diagram of a second 
30 embodiment of a device for producing an 

electronic module , 

Figure 4 shows a schematic cross section through a 
wiring block for an electronic module, 

35 

Figure 5 shows a schematic cross section through a 
wiring block in accordance with figure 4 with 
a first connected semiconductor chip, 
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Figure 6 shows a schematic cross section through a 
wiring block in accordance with figure 5 with 
three connected semiconductor chips to form 
an electronic module of a second embodiment 
of the invention, 



Figure 7 shows a schematic cross section through a 
wiring block in accordance with figure 6 with 
four connected semiconductor chips to form an 
10 electronic module of a third embodiment of 

the invention. 

Figure 1 shows a module 25 with a wiring block 9 made 
of plastic 19 which has six outer sides, four outer 

15 sides 11, 12, 13 and 14 of which can be seen in this 
cross section. In this embodiment of the invention, the 
outer side 14 is simultaneously the underside of the 
wiring block 9 and has a component 6 in the form of a 
semiconductor chip having dimensions projecting beyond 

20 the wiring block, so that edge sides of the 
semiconductor chip are freely accessible and have 
contact areas. The rear side of said component 6 is 
adhesively bonded or soldered onto a superordinate 
circuit board 32 and the freely accessible contact 

25 areas arranged on the edge sides of the semiconductor 
chip are connected via bonding connections 31 to the 
superordinate circuit of the circuit board 32. 



The wiring block 9 has at right angles to the underside 
30 14 the outer sides 11 and 13, which are covered with 
the components 1 and 2 and with the component 3, 
respectively. The components 1, 2 and 3 have external 
contacts in the form of flip-chip contacts on their 
connection sides 8. The external contacts are arranged 
35 on corresponding contact pads 10 and connected to the 
lines 15 of the wiring block 9. Nodes 33 at which a 
plurality of lines are brought together are arranged 
within the wiring block 9. At the remaining crossover 
points, the lines are led past one another without 
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touching one another. Consequently , the wiring block 9 
provides a complex wiring in this cross section of six 
components, it being possible for the number of 
components 1, 2, 3, 4, 5 and 6 to be extended as 
5 desired to form an even larger electronic module. 

Figure 2 shows a schematic diagram of a first 
embodiment of a device for producing an electronic 
module. This device has a casting mold 18, into which, 

10 in this embodiment of the invention, a transparent 
plastic 19 can be cast to form a plastic blank block 
26. Furthermore, the device has a casting device (not 
shown) which can be used to fill the volume 16 of the 
casting mold 18 with the transparent plastic 19 to form 

15 the plastic blank block 26. On the transparent plastic 
in its viscous form, from two energy sources 20 and 21 
which overlap in terms of their focus region, energy 
beams 27 and 28 can be oriented onto the transparent 
plastic with the aid of orienting devices 22 and 23. 

20 

The transparent plastic 19 is not stressed during 
irradiation by individual energy sources 20 and 21, 
which are preferably realized by laser apparatuses. The 
focal point 24 can be guided through the volume 16 on 

25 any desired path, so that different conductor track 
structures can be described. The energy of each 
individual energy beam 27 and 28 is set such that it 
cannot yet by itself bring about carbonization in the 
plastic 19, but when the focus regions are superposed 

30 at the focal point 24 the carbon chains situated there 
are carbonized to form electrical lines 15. 

Figure 3 shows a schematic diagram of a second 
embodiment of the device for producing an electronic 
35 module. In this second embodiment of the invention, the 
energy sources 20 and 21 are laser apparatuses 34 and 
36, whose energy beams 27 and 28, respectively, are 
deflected by tilting mirrors as orienting devices 22 
and 23. At a tilting angle of p/2 and y/2, 



FIN 480 P/2003P1552DE -Ir- 
respectively, the laser beams 27 and 28 are displaced 
by the angle (3 and y, respectively, a superposition 
path in the form of a line 15 being marked in the 
plastic 19. By corresponding displacement of the focus 
5 regions, it is also possible to produce vertical lines 
or lines at any desired solid angle in the plastic 19 
by means of the device of the second embodiment of the 
invention . 

10 Figure 4 shows a schematic cross section through a 
wiring block 9 for an electronic module. Figure 4 thus 
specifies the result after all the conductor tracks 
have been produced and the plastic 19 has been cured, 
contact pads 10 made of metal being arranged at the 

15 piercing points 29 of the lines through the outer sides 
11, 12, 13 and 14. Corresponding components are fitted 
on the contact pads 10 of the outer sides 11, 12, 13 
and 14 in order to realize an electronic module. In 
contrast to the embodiment of the wiring block of 

20 figure 1, this wiring block exhibits only one node 33 
of three lines 15 in accordance with a circuit layout 
17 . 

Figure 5 shows a schematic cross section through a 
25 wiring block 9 in accordance with figure 4 with a first 
connected component 4 . Said component 4 is fitted on 
the outer side 12 and connected to the contact pads 10 
by its component connections 7. Components having 
functions identical to those in the previous figures 
30 are identified by the same reference symbols and are 
not discussed separately. 

By means of this relatively simple circuit or wiring 
layout 17 of the wiring block 9, further electronic 
35 components are interconnected by means of lines 15. 

Figure 6 shows a schematic cross section through a 
wiring block 9 in accordance with figure 5 with three 
connected components 1, 3, 4 to form an electronic 
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module 30 of a second embodiment of the invention. This 
module 30 is arranged with the underside 14 of the 
wiring block 9 on a circuit board 32 of a superordinate 
circuit. Via the wiring block 9, with the circuit board 
5 32, it is possible for all the connections 7 of the 
three components 1, 3 and 4 shown here to be connected 
to corresponding lines of the circuit board 32. 

Figure 7 shows a schematic cross section through a 
wiring block 9 of figure 6 with four connected 
components 1, 3, 4 and 6 to form an electronic module 
35 of a third embodiment of the invention. Components 
having functions identical to those in previous figures 
are identified by the same reference symbols and are 
not discussed separately. 

This third embodiment of the invention in accordance 
with figure 7 has a large-area electronic component 6 
on the outer side 14 of the wiring block 9, in a manner 
20 similar to that of figure 1, which is electrically 
connected via bonding connections 31 to a circuit 
subboard 32 and is fixed by its rear side on the 
circuit subboard 32. 
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